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Preface 

This  data  suinmar>'  report,  which  does  not  include  any  statistically -based  interpretation  or 
discussion,  has  been  prepared  as  a  means  of  communicating  results  of  this  sampling  exercise  to 
all  interested  parties  as  soon  as  possible.  The  anticipated  audience  would  include  government 
agency  staff  associated  with  water  quality  management  and  the  development  of  the  Lake  Ontario 
Lakewide  Management  Plan  (LaMP),  as  well  as  researchers  examining  the  ecosystem  effects  of 
toxic  substances  (persistent  trace  organics)  within  the  Lake  Ontario  drainage  basin.  This  smdy 
was  imdertaken  as  a  screening  level  exercise  to  identify  those  watersheds  (if  any)  exhibiting 
cumulative  evidence  of  contaminant  sources  within  their  entire  drainage  area  and  to  illustrate  the 
general  relationship  between  land  use  and  water  quality.  It  was  not  designed  to  identify  specific 
contaminant  sources  within  watersheds.  The  distribution  of  these  data  is  intended  to  encourage 
and  accelerate  additional  data  synthesis  and  analysis  by  federal  and  provincial  agency  staff  and 
the  research  community.  It  is  anticipated  that  subsequent  analysis  will  include  a  more  rigorous 
statistical  examination  of  the  relationships  among  land  use,  flow  conditions,  and  contaminant 
concentrations,  along  with  a  comparison  of  water  qualitv-  findings  with  biomonitoring  data.  The 
potential  application  of  these  data  to  the  estimation  of  loadings  will  also  be  examined. 
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1.  INTRODUCTION 

1.1  Background 

A  need  to  update  and  improve  upon  source,  concentration,  and  loading  information  for  persistent, 
bioaccumulative,  trace  organic  contaminants  (commonly  referred  to  as  "persistent  organic 
pollutants"  or  "POPs")  in  tributaries  flowing  into  Lake  Ontario  was  identified  by  both  the 
Ontario  Ministry  of  the  Environment  (MOE)  and  Environment  Canada  (EC)  during  1996.  The 
Province  requires  this  information  to  assess  surface  water  quality  in  Ontario  according  to  the 
policies  and  Provincial  Water  Quality  Objectives  (PWQOs) '  and  as  part  of  the  development  of  a 
Provincial  Toxics  Plan  for  Priority  Substances.  The  Canadian  federal  and  provincial 
governments,  in  conjunction  with  U.S.  state  and  federal  governments,  have  also  identified  a 
further  need  for  improved  concentration  and  loading  data  during  the  development  of  a  Lakewide 
Management  Plan  for  Lake  Ontario. 

The  principal  limitation  on  previous  measurement  of  tributary  concentrations  of  trace  organic 
contaminants  (and  hence  estimated  loadings)  has  been  the  difficulty  achieving  sufficiently  low 
level  analytical  detection  limits  for  these  substances.  In  particular,  the  routine  MOE  detection 
limit  for  total  PCBs  in  water  has  been  20  ng/L  (positive  identification  of  a  trace  amount)  or  ten 
times  higher  for  a  positively  quantified  result.  This  has  not  compared  favourably  with  the 
PWQO  of  1 .0  ng/L  and  has  precluded  an  accurate  assessment  of  water  quality  status  for  this 
ubiquitous  substance.  Detection  limits  for  other  contaminants  such  as  organochlorine  pesticides 
have  been  better  than  this,  but  still  not  sufficiently  below  PWQOs  to  allow  a  quantitative 
assessment  of  compliance.  In  addition,  existing  routine  tributary  monitoring  efforts  by  MOE  have 
tended  to  under-sample  during  high  flow  events,  biassing  estimates  of  contaminant  loadings 
towards  low  flow  conditions. 

Tributary  and  sewer  effluent  sampling  studies  by  MOE  and  Metro  Toronto  (now  City  of  Toronto) 
along  the  Toronto  Waterfront  during  the  period  1990  to  1993  successfully  employed  large 
volume  sampling  during  wet  and  dry  weather  events  to  improve  estimates  of  trace  organic 
contaminant  concentrations  and  loadings.    These  experiences  demonstrated  the  potential  for 
success  of  a  low-level  detection  monitoring  project  to  address  data  deficiencies  for  Lake  Ontario 
tributaries,  and  in  the  spring  of  1 997  a  collaborative  sampling  program  was  established  between 
the  Environmental  Conservation  Branch  at  Environment  Canada  and  the  Environmental 
Monitoring  and  Reporting  Branch  at  the  Ontario  Ministry  of  the  Environment.  The  arrangement 
was  designed  to  allow  sampling  under  a  range  of  flow  conditions  during  the  summer  and  fall  of 
1997,  and  the  winter  and  spring  of  1998. 


Water  Management  Policies,  Guidelines  Provincial  Water  Quality  Objectives,  1995 
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1.2  Objectives 

Two  of  the  principal  objectives  of  the  overall  1997/98  study  were  to: 

(a)  measure  the  ranges  of  contaminant  concentrations  under  wet  and  dry  conditions  at  a  variety 
of  Lake  Ontario  watersheds  comprising  a  range  of  land  uses  near  the  point  at  which  they 
flow  into  the  lake  and  compare  the  results  with  PWQOs;  and 

(b)  use  the  data  to  screen  these  watersheds  for  anomalies  indicative  of  potentially  significant 
contaminant  sources  and  which  could  justify  the  need  for  follow-up  source  "track  down" 
monitoring. 

The  data  were  also  collected  with  a  view  to  estimating  contaminant  loadings  fi-om  the  selected 
tributaries  to  Lake  Ontario  by  using  the  concentration  data  in  conjunction  with  flow  data. 
Calculation  of  the  uncertainty  associated  with  these  estimates  is  central  to  any  such  exercise  since 
it  is  well  dociamented  that  the  confidence  of  such  calculations  would  be  limited  by  the  relatively 
small  number  of  samples  available  through  this  study.  This  analysis  and  discussion  will  be  the 
focus  of  a  separate  report. 
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2.  LAKE  ONTARIO  DRAINAGE  BASIN  AND  SAMPLING  LOCATIONS 

2.1  Summary  Description  of  Lake  Ontario  Basin 

Lake  Ontario  is  the  last  in  the  chain  of  Great  Lakes  and  is  the  smallest  Great  Lake  in  terms  of 
surface  area  (approximately  19,000  square  kilometres)  although  its  total  volume  of  1,640  cubic 
kilometres  is  over  three  times  greater  than  that  of  Lake  Erie.  About  93%  of  the  lake's  water  flows 
out  through  the  St.  Lawrence  River  and  another  7%  is  lost  through  evaporation.  The  average 
"residence  time"  for  water  in  the  lake  is  approximately  six  years.  On  average,  approximately  80% 
of  the  water  flowing  into  Lake  Ontario  comes  from  Lake  Erie  via  the  Niagara  River  with  the 
remaining  flow  coming  from  tributaries  within  the  Lake  Ontario  watershed  and  from 
precipitation.  With  a  watershed  land  area  of  approximately  64,000  km  *  (of  which  slightly  less 
than  half  lies  in  Ontario),  Lake  Ontario  has  the  highest  ratio  of  watershed  land  area  to  lake 
surface  area  of  all  the  Great  Lakes.  The  total  estimated  tributary  flow  to  the  lake  is 
approximately  860  m^s"'  and  is  evenly  divided  between  the  Ontario  and  New  York  State  portions 
of  the  lake's  watershed  at  roughly  430  m^s'  each  ^. 

Although  the  peripheral  upland  areas  of  the  Lake  Ontario  basin  are  forested,  nearer  the  lake,  the 
basin's  climate  and  soil  types  support  various  agricultural  activities  (areas  such  as  the  Niagara 
region  are  highly  specialized  for  growing  fruits  and  vegetables)  and  urban  areas  with  high 
population  densities.  The  "Golden  Horseshoe"  extending  from  Cobourg  in  the  east  around  the 
western  end  of  Lake  Ontario  to  St.  Catharines  and  Niagara  Falls  is  highly  urbanized  and 
industrialized  and  includes  Metropolitan  Toronto  and  the  industrial  centre  of  Hamilton. 


2.2  Land  Use  and  Pollution  Sources 

The  extensive  urban/industrial  and  rural/agricultural  land  use  activity  within  the  drainage  area  of 
Lake  Ontario  accounts  for  a  range  of  pollutants  entering  tributaries  and  lakes  from  "point 
sources"  (e.g.  industrial  and  mimicipal  effluent  discharges)  and  "non-point  sources"  (e.g.  diffrise 
runoff  from  urban  or  agricultiiral  areas).  These  pollutants  include  suspended  solids,  dissolved 
solids,  bacteria  (not  included  in  this  study),  nutrients,  metals,  and  trace  organic  contaminants 
(including  pesticides,  PCBs,  and  a  range  of  industrial  organic  chemical  byproducts). 


Information  sources: 

Lake  Ontario  Toxics  Management  Plan.  A  Report  by  the  Lake  Ontario  Toxics  Committee  February  1989, 

Environment  Canada,  United  States  Environmental  Protection  Agency,  Ontario  Ministry  of  the  Environment, 
New  York  State  Department  of  Environmental  Conservation. 

The  Great  Lakes.  An  Environmental  Atlas  and  Resource  Book,  Jointly  produced  by:  Government  of  Canada  and 
United  States  Environmental  Protection  Agency,  Third  Edition  1995. 

The  Lake  Ontario  Lakewide  Management  Plan,  Stage  1:  Problem  Definition,  Environment  Canada,  United  States 
Envirormiental  Protection  Agency,  Ontario  Ministry  of  the  Environment,  New  York  State  Department  of 
Environmental  Conservation,  May  1998. 
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Figure  2.1:  Population  Densities  in  the  Lake  Ontario  Drainage  Basin 

Spatial  and  temporal  trends  in  water  quality  throughout  this  area  of  the  province  can  often  be 
linked  to  shifts  in  these  land  use  patterns  as  well  trends  in  contaminant  loads  fi"om  wastewater 
discharges  (which  have  tended  to  decrease  over  the  past  20  years). 

Contaminants  associated  with  urban  runoff  include  polynuclear  aromatic  hydrocarbons  (PAHs) 
which  include  benzo(a)pyrene  (BaP),  as  well  as  metals  and  petroleum  hydrocarbons.  These 
contaminants  are  associated  with  vehicle  exhaust,  brake  and  tire  wear,  fuel  and  engine  oil  leaks 
or  spills,  and  corrosion  and  are  most  prevalent  in  areas  with  high  traffic  densities.  Other 
contaminants  associated  with  roads  and  urban  runoff  include  suspended  solids,  nutrients, 
pesticides  and  bacteria  from  sanitar>-  sewer  cross  connections,  infiltration  from  the  sanitary  sewer 
systems,  accidental  or  deliberate  spills  to  road  side  catch  basins,  chemical  applications  (fertilizers 
and  pesticides),  run  off  from  commercial/industrial  storage  areas,  and  faecal  material  from 
wildlife  and  domestic  animals. 

Pollutants  linked  to  rural  and  agricultural  land  uses  can  overlap  with  urban  sources.  Agricultural 
activities  can  contribute  suspended  solids  from  erosion  and  livestock  access  to  waterways, 
nutrients  from  fertilizer  and  manure  applications,  and  pesticides  from  run-off  or  drift  during 
application.  Sources  of  elevated  bacteria  can  be  liked  to  run-off  from  improper  manure  handling 
or  inappropriate  field  apphcations,  animal  storage  areas,  faecal  material  from  livestock.  The 
relative  impact  of  suspended  solids,  fertilizers  and  pesticides  on  rural  streams  can  vary  widely 
with  the  season  and  local  farm  practices  but  can  be  significant,  particularly  during  the  spring. 

Not  all  pollutants  are  locally  or  recently  generated.  Many  of  the  persistent  "trace  organic 
compounds"  which  are  still  being  detected  in  the  water,  sediment,  and  biota  of  Lake  Ontario  and 
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its  tributaries  are  pesticides  which  have  not  been  used  in  Ontario  for  decades,  if  ever.  Present  day 
sources  may  be  hundreds  or  thousands  of  kilometres  away,  but  deposition  from  long-range 
atmospheric  transport  combined  with  large  tributary  catchment  areas  can  focus  contaminants  into 
tributary  waters. 

2.3  Description  of  Sampling  Locations 

Six  tributaries  in  the  Canadian  portion  of  the  Lake  Ontario  watershed  were  sampled  over  the 
period  July  1997  to  March  1998.  These  were:  the  Credit  River,  the  Humber  River,  the  Ganaraska 
River,  the  Trent  River,  Twent>-  Mile  Creek,  and  Twelve  Mile  Creek  (Figure  2.2).  These 
tributaries  were  selected  in  order  to  cover  the  range  of  land  use,  watershed  size,  and  average 
flows  within  the  Lake  Ontario  drainage  basin.    Access  to  flow  monitoring  data  and  the  potential 
for  vandal-proof  installation  of  automatic  sampling  equipment  were  other  factors  considered  in 
the  selection  of  tributaries  and  siting  of  sampling  installations. 

A  summary  of  sampling  locations,  drainage  basin  areas,  and  annual  average  flows  is  presented  in 
Table  2.1  to  illustrate  the  range  of  tributary  sizes  covered  by  this  study,  and  to  provide  an 
indication  of  the  proportion  of  drainage  basin  area  and  flow  from  Ontario  tributaries  covered  by 
the  1997/98  sampling  program.. 

The  large  annual  average  flows  from  Twelve  Mile  Creek  and  the  Trent  River,  and  the  extremely 
large  drainage  area  associated  with  the  Trent  watershed,  mean  that  the  tributaries  selected  for 
sampling  in  1997/98  cover  approximately  80%  of  the  Ontario  tributar>'  flows  (excluding  the 
Niagara  River),  and  about  50  %  of  the  Ontario  watershed  area. 
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Figure  2.2: 1997/98  Tributary  Toxics  Monitoring  Locations 


Table  2.1:    Summary  of  Sampling  Locations,  Drainage  Basin  Areas,  and  Annual  Average  Flows 
for  1997/98  Tributary  Sampling 


Tributary 

Station 
Description 

Latitude 

Longitude 

Approx. 
Area 
(km^) 

Annual 
Flow 

Credit  River 

Mississauga  Golf  and  Country  Club 

43  °  32.574 

79 "  38.002 

650 

6.9 

Humber 

Lawrence  Ave.  (first  two  samples) 
Old  Mill  Road  (subsequent 
samples) 

43037.849 

79  "  28.232 

900 

6.2 

Ganaraska 

Sylvan  Glen  Road 

43  "  59.444 

78  "19.695 

250 

3.2 

Trent 

Southof  Hwy.  401  (500  m) 

44  "  07.476 

77  "35.513 

12700 

142 

Twenty  Mile  Creek 

Balls  Falls 

43  "08.014 

79  °  22.588 

300 

3 

Twelve  Mile  Creek 

South  end  of  Martindale  Pond 

43°11.913 

79  "15.933 

N.A.' 

189 

Totals 

14800 

353.3 

•  flow  diversion  from  Lake  Erie 
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3.  SURVEY  METHODS 

3.1  Field  Methods 

Large-volume  water  sample  were  collected  using  ISCO  automatic  samplers  with  Teflon-lined 
polyethylene  tubing  intake  lines  to  minimize  contamination  of  samples.  The  intake  lines  were 
connected  to  stainless  steel  pre-filters  situated  at  mid-depth  and  in  the  main  flow  of  the  tributary. 
The  ISCO  samplers  were  modified  to  split  the  flow  from  the  sampler  distribution  arm  into  three 
stainless  steel  19  litre  containers.  Two  of  the  containers  were  prepared  for  trace  organics  analysis 
by  the  Environment  Canada  National  Laborator>'  for  Environmental  Testing  (NLET)  using  a 
modification  of  the  protocol  previously  established  for  Great  Lakes  samples.  The  third  sample 
container,  which  was  used  for  trace  metals,  major  ions  and  nutrients  analyses,  was  fitted  with  a 
disposable  laboratory  grade  polyethylene  bag  liner  for  submission  to  the  MOE  Laborator>' 
Services  Branch  (LSB). 

Sample  containers  were  cleaned  and  prepared,  and  samples  were  handled  and  delivered,  using 
standard  protocols  designed  to  minimize  sample  contamination  and  degradation.  The  use  of 
sample  blanks  and  spiked  samples  further  ensured  accuracy  of  the  results. 

At  sites  which  were  co-located  with  stream  flow  gauging  stations,  sampling  was  triggered  by  the 
stream  gauge  using  programmed  set-points.  Sampling  for  other  sites  involved  either  on-site  or 
project  personnel  collecting  samples  in  response  to  events  and  flow  information  from  remotely 
accessed  stream  gauges.  Sampling  targeted  a  range  of  flows  covering  base-flow  levels  as  well  as 
rauifall  events  and  peak  spring  flows  based  on  hydrograph  data.  At  Twelve  Mile  Creek, 
however,  where  high  flows  from  Lake  Erie  are  uniformly  controlled  for  power  generation  and 
where  the  influence  of  runoff  from  the  local  drainage  basin  is  extremely  small,  event  sampling 
was  coordinated  with  nearby  Twenty  Mile  Creek. 


3.2  Laboratory  Methods 

Samples  were  analysed  for  a  range  of  trace  contaminants  and  "conventional"  pollutants.  These 
included  organochlorine  pesticides,  total  polychlorinated  biphenyls  (total  PCBs  as  represented  by 
a  suite  of  103  congeners  or  congener  groupings),  and  poly  nuclear  aromatic  hydrocarbon 
compoimds  (PAHs).    Trace  metals  (Al.  Cr.  Cd.  Cu.  Fe,  Hg,  Mn,  Ni,  Pb,  Zn)  and  selected  major 
ions  and  nutrients  were  also  included.  Bacteriological  analyses  were  not  carried  out  as  part  of 
this  study. 

Sample  preparation  of  trace  organic  samples  (two  19  litre  containers)  involved  centrifugation 
followed  by  liquid-liquid  extraction  of  the  supernatant  and  extraction  of  the  solid  phase.  The  two 
extracts  were  recombined  for  total  PCB  and  organochlorine  analysis  by  GC/ECD,  and  PAH 
analysis  by  GC/MSD  at  NLET.  Samples  from  the  third  container  were  analysed  for  nutrients  (N 
and  P)  and  metals  using  MOE  standard  methods  (AAS,  colourimetr>-,  ICP/MS)  by  the  LSB. 

Each  sample  run  for  PCB  analysis  included  analysis  of  a  laboratoty  blank  and  all  reported  results 
have  been  blank  corrected. 
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Table  3.1 :  Summary  of  Detection  Limits  and  PWQOs 
for  Trace  Organics  Sampled  in  1997/98 


Substance 

Detection  Limit 
(ng/L) 

PWQO 
(ng/L) 

Aldrin/dieldrin 

0.05 

1 

Benzo(a)pyrene 

0.1 

210 

Chlordane 

0.05 

60 

DDT  (total) 

0.05 

3 

HCB 

0.05 

6.5 

Ml  rex 

0.05 

1 

Octachlorostyrene 

0.05 

_ 

PCBs  (total) 

0.10 

1 

Table  3.2:     Summary  of  Detection  Limits  and  PWQOs  for  Trace  Metals, 

Suspended  Solids,  and  Total  Phosphorus  Sampled  in  1997/98 


Substance 

Detection  Limit 

{ Mg/i ) 

PWQO 

{ pg/i ) 

Suspended  Solids 

500 

— 

Total  Phosphonjs 

4 

•30.0 

Total  Kjeldahl  Nrtrogen 

20 

— 

Aluminum  (clay-free  sample) 

10 

•75.0 

Chromium 

0.5 

100 

Copper 

1 

•5.0 

Iron 

20 

300 

Lead 

5 

•5.0 

Manganese 

0.5 

— 

Mercury  (filtered  sample) 

0.02 

0.2 

Nickel 

2 

25 

Zinc 

0.5 

•20.0 

indicates  interim  PWQO 


4.  SUMMARY  OF  SELECTED  RESULTS 

The  following  summary  focuses  on  trace  organic  contaminants  and  metals.  Suspended  solids  and 
nutrients  have  also  been  included  for  comparison  (since  they  are  routinely  available  pollution 
indicators  jfrom  other  monitoring  programs).  Given  the  commonly  obserxed  relationship 
between  flow  conditions  and  water  quality,  all  data  have  been  partitioned  into  "wet"  and  "dry" 
weather  samples  to  ensure  that  among-station  comparisons  of  contaminant  concentrations  are  not 
biassed  by  differences  in  the  proportion  of  "wet"  (high  flow)  events  available  at  each  station. 
This  partitioning  was  based  on  inspection  of  hydrograph  data  (except  at  Twelve  Mile  Creek 
where  partitioning  was  based  on  the  Twent>'  Mile  Creek  sampling  dates). 

4.1  Comparison  with  PWQOs 

The  frequencies  with  which  water  quality  parameters  were  detected  above  their  respective 
Provincial  Water  Qualit>'  Objectives  (PWQOs)  are  presented  in  Table  4.1.  No  samples  were 
detected  above  PWQOs  for  chromium,  mercury,  Mirex,  hexachlorobenzene,  benzo(a)pyrene,  or 
any  of  the  organochlorine  pesticides  (lindane,  aldrin/dieldrin,  chlordane,  DDT,  endrin, 
endosulfan)  in  either  dry  or  wet  weather  samples.  Total  PCBs,  however,  were  detected  above  the 
PWQO  of  1 .0  ng/L  in  all  wet  and  dry  weather  samples.  Cadmium,  copper,  iron,  nickel,  lead, 
zinc,  and  total  phosphorus  had  detection  firequencies  greater  than  PWQOs  ranging  from  0%  to 
100%  depending  upon  the  location  and  weather. 

4.2  Dry  and  Wet  Weather  Contaminant  Concentrations 

Median  concentrations  for  total  phosphorus  (TP),  metals  (Al,  Cd,  Cr,  Cu,  Fe,  Mn,  Ni,  Pb,  Zn), 
total  PCBs,  organochlorine  pesticides,  and  the  PAH  benzo(a)pyrene  (BaP)  are  summarized  in 
Table  4.2.  Selected  contaminant  concentration  results,  along  with  flow  data,  are  also  presented  in 
Figures  4.1  to  4.11. 

As  expected,  all  tributaries  exhibited  a  pattem  of  wet  weather  median  concentrations  of 
suspended  solids  (SS)  exceeding  dr>'  weather  median  concentrations.  Similarly,  all  tributaries 
other  than  the  Trent  River  had  wet  weather  total  Kjehdal  Nitrogen  (TKN)  and  TP  medians  which 
exceeded  the  dr>'  weather  medians,  frequently  b>-  more  than  an  order  of  magnitude.  Wet  weather 
TP  concentrations  exceeded  the  interim  PWQO  of  0.030  mgT.  at  all  tributaries  other  than  the 
Trent  River.  Twenty  Mile  Creek's  dry  weather  median  also  exceeded  the  interim  PWQO  for  TP. 

With  the  exception  of  Cd  and  Cr,  wet  weather  metal  median  concentrations  also  exceeded  dry 
weather  median  concentrations.  Median  concentrations  of  Cd,  Cu,  Fe,  Pb.  and  Zn  were  all 
detected  above  their  respective  PWQOs  at  two  or  more  tributaries,  generalh'  in  wet  weather 
samples  with  the  exception  of  Cd  at  the  Ganaraska  and  Trent  Rivers.  Results  for  BaP  showed  a 
similar  pattem  to  that  of  SS,  nutrients,  and  metals,  with  wet  weather  median  concentrations 
exceeding  dry  weather  concentrations  at  all  locations.  Total  PCBs  were  an  exception  to  this 
pattem.  Wet  weather  median  concentrations  of  PCBs  did  not  tend  to  exceed  dry  weather  medians 
except  at  the  Humber  River. 


Results  for  all  other  organochlorine  compounds  were  varied,  depending  upon  sample  type  and 
location.  a-BHC,  lindane  (y-BHC),  a-endosulfan,  P-endosulfan,  a-chlordane,  dieldrin,  p,p-DDD 
(a  DDT  metabolite),  and  p,p-DDT  were  the  most  frequently  detected,  although  they  were  always 
present  at  concentrations  well  below  their  respective  PWQOs. 

The  Credit  River  was  the  only  sampling  location  having  dry  and  wet  weather  median 
concentrations  of  Mirex  above  the  detection  limit  (0.01  ng  L'')  with  values  of  0.06  ng  L"'  and 
0.02  ng  L'  respectively  (well  below  the  PWQO  of  1.0  ng/L). 


-10- 


ooJa      oooooooooooo 

Z(M 


Sf^    eS    S?    J^    S?    g?    S? 

0000000 


oooooooooooo 


•?2- 


.0000 


ooooooo<' 


3<2. 

w 
a 


oooooooooooo 


(  ^7-  >^    ^    ^    ^    vP    >p 
-J  tf*   5^   tf*   5^  tf^   S^ 

^  eo  o  o  o  o  «> 


ooofoonZ'^ 
CO        CO  <  2> 


^  S?  SS  5?  SS  5? 


J?  S?  S?  ^  SS 


oooooooooooo 


j-SS  SS  5?  SS 
'■SjO   CO   p   o 


^    ^    ^    ^    >p    ^    >p 

o^  ©^  o^  5^  tf^  5^  5^ 

0000000 


X 

o 

W 

oo:::. 

Q.UJ 


oooooooooooo 


OJg  g  g  g  g  g  g  g  g  S^  3S  SS  ^  J       ^  ss  ^  ss  ^  gs  5?  gs  ^  ss  ^  SS  IKO-      gs  gs  gs 
•^ooooooooooooZ=5,      ooooocaboobooO^      boo 


OOOOOOOOOOOO 


z2 


5i 


"1 

E 


■"       C0lf>O'^h-OoS'^^~"~ 


gq^' 


oooooooooO' 


CM    O    TT    00 


00    CM    ^    O    O 


^a^ 

a 

?^ 

?S 

fi  J 

CO 

to 

j,^ 

OOOOOOOOOOOO'S'SS, 

ooooooooooooCOH* 


oooooooooooo 


oooooooooooo 


cocoinKcoo^cor^cDcDCD 


COCOlOr^COO^OON-COCDCD 


cocoior^cooTToor^cDCDcD 


>-t->l->l->)->l- 
oriytriJjariijariJjtruJr;. 


>-  t-  > 

IX  \u  cc 

Q   1   D 


!->•»-> 


r—    ,^    I — 

m  a  yj  -^ 

§  Q  5  fc 


>;t->-i->-t->i->-i->i- 
Q 


=         =         >- 


0C»>0i-00000h-00 

otfjoh-ooooooaoo 
'T-oioocdooooocvioo 


OtDOlOOOOOOCOOOl 
OC0O00OOOO0>'<J-OO 


■OCMOt-00000'>-00 


oooooooooooo 


J5a,ooooooo 
1UU> 


o  o  o  o  o 


o-s. 


ooooooooooo 


OOOCMOOOOOOOO 


1       o  o  o  o 
■  ^  d  o  o  d 


o  o  o  o 
dodo  i^^ 

5^ 


COtNOOOOOOOOOO 

ooooooooooo 
ddddddddddd 


^tf)cooooif)coooiDtr5 


c  "d  -^   tN 


d   o   CM   T-    ^  CO 


O    CM    CO     03 


CO     '-    (D     ■>-     '-     lO    CM 


fl.  Q.  ^^ 


OOOOOOOOOOOO 


x5? 
Ex  o 


oooooooooooo 

OOOOOOOOOOOO 

dddddddddddd 


inooooooooooo 


^  CO    fO    •» 
I  ^    O)    O    00 


o>  p   ■^ 

CM      •»  T-      <N  Q  a 


OOOOOOOOOO 
OOOOOOOOOO 

dddddddddd 


o  o 
o  o  |_ 

d  d  Q2- 

4s 


o  -^  •*  •^  o 

O    Cvl    T-    O    O 

d  d  d  d  d 


<Dioo>0'-oir)r--Troioi^ 


OOOOOOOOOOOO 


^5" 


O  O  O  o 

d  d  d  d 


o  o  o  o  . 
d  d  d  d  Q  ^ 


ooooooooo 
ooooooooo 
ddddddddd 


o  o  o 
o  o  o 
d  d  d 


T^T-oo^-mcort^toi^coco 


vn<DOO)00>oroo><ooo(0 
T-cOT-cviOO'-'-ot^cgcM 


§t 


OOOOOOOOOO 


o  o  §3 

4s 


CMCMOCOOUIOOO'-O^ 
OOOOOOOOOOOO 

dddddddddddd 


^  o  o   o 


]51  S 

o 
o 

d  d 

d 

to  CO  o  o  o  o 
lO  T-  o  o  o  o 
d   d  d  d   d  d 


cDoocoo)or^o>t^r-c>4t^v 


^5 


O   csi   1-   ro   o 
d  d  d  d  d  d 


o  to  eg  CO 
d  d  d  d 


ooooooooooino 
comooc<iocD'*coooom 


<  "5> 


otDi^oioocNOr^moscoX 


OO'VCslOCOCgOOOJOCD 
:  OCsIOt-oOOOO'-OO 

■.'^dddddddddddd 


<i.co' 


inOOCDI^OCDeOh-CDt^CD 


^mcNCMtoco^^T-r^i-oo 


OOOOOOOOOOOO 
OOOOOOOOOOOO 

dddddddddddd 


Ui 


TTOoocMO-^r^-ooiDT- 


■»-     h-     CO     lO     T-    ^-     CN 


00    (D    OJ    CO 


0    0    0(^0 

ddddddddd 


o       ^^ 


<DCDcoui<j)mmoo^cor~- 

CDCOO'-O'-O  COCMCO^u 

diri't-^csiddd  ddoQ- 


OOOOOOOOOOOO 


(OocococMcomcocgmco^ 


z=J 

■^  O) 

1-  E 


o"a 


z 


ocooi^moco«oiD<D'>-<o 
■.-OT-o^'-rvioooo-'-'- 
dddddddddddd 


oooooooinooino 
oomoomocMoor^o 


3  '-' 


CM  CD  ^  ^~     c  ^  ^ 


CNO^OCMCpinCMOOOcOCO^ 

IS 


COCSI^^OOt-O^OCSI 


OJOcocor^iDOinooinO''- 


m    m    ■>!    CM    t»-.  •^    C7) 

CO 

O    CD 

CO  m 

§« 

CO   oi    ■r-    iri    T-  t-~    lO 

IT) 

CO 

CO  ir> 

CM    CM 

§w 

05 
-JO 

05 
-JO 

oocoiot^coo^cor^tDtocD 


oococot^inoinooinO'"- 
mio^cMi---'r-cncoococqtf) 
coo>-^if)T-'r^ir)ir)ddcoirJ 


co<Dioi^coo>^oor~ 


in  o  CD  00   in  o  ^- 


>    I-    >-    I-    >-  I- 


§0 


CO    ■^ 
CM 

CM 

05 

CD    CD 

CD 

z 

1-    > 

1- 

m  a: 

^ 

1^ 

go 

q: 

o 

z 

2 

1^ 

CM 

>l->-l->-l->-l->-H>-H 


O 


cocDmr^cocjJtcor^cOCDco        .ii 


CM  -^ 


s 
o 

1 

1000 

FLOW:  RANGE  AND  MEDIANS 
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Figure  4.1:  Range  of  Daily  Flows  Corresponding  to  1997/98  Sampling  Episodes 


SUSPENDED  SOLIDS  CONCENTRATIONS:  RANGE  AND  MEDIANS 
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Figure  4.2:  Range  of  Suspended  Solids  Concentrations  Sampled  During  1997/98 


TOTAL  PHOSPHORUS  CONCENTRATIONS:  RANGE  AND  MEDIANS 
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Figure  4.3:  Range  of  Total  Phosphorus  Concentrations  Sampled  During  1997/98 
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Figure  4.4:  Range  of  Copper  Concentrations  Sampled  During  1997/98 
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Figure  4.5:  Range  of  Zinc  Concentrations  Sampled  During  1997/98 


BaP  CONCENTRATIONS:  RANGE  AND  MEDIANS 
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Figure  4.6:  Range  of  Benzo(a)pyrene  Concentrations  Sampled  During  1997/98 
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LINDANE  CONCENTRATIONS:  RANGE  AND  MEDIANS 
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Figure  4.7:  Range  of  Lindane  Concentrations  Sampled  During  1997/98 


TOTAL  PCB  CONCENTRATIONS:  RANGE  AND  MEDIANS 
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Figure  4.8:  Range  of  Total  PCB  Concentrations  Sampled  During  1997/98 


-16- 


ALDRIN/DIELDRIN  CONCENTRATIONS:  RANGE  AND  MEDIANS 
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Figure  4.9:  Range  of  Aldrin/Dieldrin  Concentrations  Sampled  During  1997/98 


o  -  BHC  CONCENTRATIONS:  RANGE  AND  MEDIANS 
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Figure  4.10:  Range  of  a-  BHC  Concentrations  Sampled  During  1997/98 
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HCB  CONCENTRATIONS:  RANGE  AND  MEDIANS 
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Figure  4.11:  Range  of  HCB  Concentrations  Sampled  During  1997/98 
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5.  CONCLUSIONS  AND  RECOMMENDA  TIONS 

1 .  The  similarity  in  ranges  of  total  PCB  concentrations  across  the  range  of  land  use  types  at 
monitored  watersheds  suggests  a  relatively  uniform  tributary  background  for  the  Lake 
Ontario  drainage  basin  which  may  be  attributable  to  both  atmospheric  deposition  of  PCBs 
and  its  ubiquitous  presence  at  sites  throughout  the  drainage  basin. 

2.  The  general  tendency  for  wet  weather  total  PCB  median  concentrations  to  be  lower  than  (or 
similar  to)  dry  weather  medians  may  be  a  genuine  reflection  of  dilution  by  rain  or  it  may  be 
an  artifact  of  the  relatively  small  number  of  samples  available  for  analysis  in  this  study.  If  it 
is  dilution,  this  would  suggest  the  existence  of  local  dry  weather  sources  (i.e  point  sources); 

3.  Although  concentrations  of  total  DDT  are  well  below  the  PWQO  of  3.0  ng/L,  the  frequent 
detection  of  the  p,p-DDT  isomer  across  all  monitored  tributaries  implies  that  there  may  still 
be  local  sources  of  DDT  within  these  drainage  basins.  These  low  concentrations  may  reflect 
the  current  use  of  the  organochlorine  pesticide  Dicofol  which  is  manufactured  from  DDT 
(technical  grade  Dicofol  contains  less  than  0.1%  DDT)  and  which  is  used  on  a  wide  variety 
of  fruit,  vegetable,  omamental  and  field  crops.  It  may  also  reflect  soil  residues  from  legal 
applications  of  DDT  since  detection  of  DDT  in  soil  does  not  necessarily  indicate  new  use  ^; 

4.  The  elevated  median  concentrations  of  Mirex  at  the  Credit  River  resulted  from  the  higher 
frequency  of  detection  at  this  location  relative  to  other  tributaries,  and  may  be  indicative  of  a 
historical  source  in  this  watershed; 

5.  The  influence  of  highways,  urban  land  use  and  high  population  density  is  apparent  with 
median  concenfrations  of  the  BaP,  Cu,  Pb,  and  Zn  at  the  Credit  River  and  Humber  River 
markedly  greater  than  those  at  other  sampling  locations; 

6.  Further  analysis  of  available  PCB  congener  group  data,  additional  event-based  sampling,  and 
examination  of  sediment,  tissue,  and  atmospheric  data  will  be  required  to  estimate  the 
relative  significance  of  local  sources  contributing  to  the  pervasive  detection  of  total  PCBs  at 
concenfrations  greater  than  1 .0  ng/L  in  these  six  Lake  Ontario  watersheds  ^ ; 

7.  An  optimal  survey  design  (e.g.  sampling  frequency,  spatial  distribution,  list  of  contaminants) 
for  future  monitoring  will  vary  depending  upon  specific  objectives  and  associated  data 
requirements.  For  this  reason  follow-up  monitoring  plans  must  be  based  on  a  thorough 
discussion  of  information  needs.  Priorities  could  include  "track  down"  monitoring,  improved 
event-based  sampling  for  loading  calculations,  or  an  improved  analysis  of  the  relationships 
between  land  use  and  contaminant  types. 


California  Department  of  Food  and  Agriculture  1985:  Agricultural  Sources  of  DDT  residues  in  California  's 
Environment. 

It  should  be  noted  that  trend  data  from  Lake  Ontario  juvenile  forage  fish  and  sportfish  monitoring  indicate 
that  exposure  in  the  nearshore  waters  of  Lake  Ontario  has  declined  by  more  than  80%  over  the  past  twenty 
years,  and  open-lake  water  quality  data  from  the  USEPA  indicate  ambient  concentrations  consistently  below 
the  PWQO  of  1.0  ng/L 
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Number  River 
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Data  Listing  for  Station  91 

Ganaraska  River 
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Trent  River 
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Data  Listing  for  Station  93 

Twenty  Mile  Creek 
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APPENDIXA-6: 

Data  Listing  for  Station  94 

Twelve  Mile  Creek 
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